Laboratory and field experimentation has shown that resistant and susceptible diazinon genotypes of flies collected from the field may have similar fitness in an environment free of diazinon. If the genetic background of resistant genotypes from the field is disrupted, the fitness of the resistant genotype declines. These results, in conjunction with previous data, indicate a modification of the genetic background in field populations following the spread of the resistance allele some ten years earlier. It is suggested that this outcome is dependent on the availability of genetic variability, the intensity of selection and the duration of insecticide usage after resistance develops.
INTRODUCTION
THE evolution of insecticide resistance of economic importance may usually be described in terms of allelic changes at a single genetic locus (Brown and Pal, 1971; Georghiou and Taylor, 1977) . However, prolonged selection by the insecticide after resistance has become widespread may result in an increased relative fitness in the absence of the insecticide (Bøggild and Keiding, 1958; Abedi and Brown, 1960; Keiding, 1967; White, 1978) .
Resistance to diazinon, an organophosphorous insecticide widely used in Australia for blowfly control, was reported in Lucilia cuprina in 1967, approximately ten years after the introduction of the insecticide (Shanahan, 1967) . Arnold and Whitten (1976) and have demonstrated that resistance could be largely explained by allelic changes at a locus on the fourth chromosome. In the field, L. cuprina is the primary cause of flystrike or myiasis in sheep (Foster et a!., 1975) . However, in the laboratory, L. cuprina is readily amenable to experimentation (Whitten et al., 1975) . Arnold and Whitten (unpublished) conducted population cage studies in 1969/70, comparing the fitness of susceptible (++),intermediate (+R) and resistant (RR) genotypes. They found that, in the absence of insecticide, the R allele was eliminated at a rate consistent with its being an additive deleterious.
Field surveys in Victoria in 1977/78 revealed L. cuprina populations to be close to fixation for the resistance allele irrespective of insecticide usage and sheep management practices in the sampled areas (McKenzie eta!., 1980) . While there is evidence that selection for resistance may occur at low residual concentrations of the insecticide on sheep (Shanahan and Roxburgh, 1974; Hart et a!., 1979; McKenzie and Whitten, 1982) , the high R allele frequencies in areas of restricted insecticide usage seemed at variance with Arnold and Whitten's population cage results. For this reason, experiments were commenced to test the relative fitness of diazinon resistant genotypes in the absence of insecticide. Our aim was to decide whether extensive use of diazinon over the previous decade had produced changes in fitness due to modification of the genetic background associated with the resistant genotype.
The opportunity to carry out any genetic analysis of background modifications of a resistance locus in a field population occurs infrequently because the widespread occurrence of resistance in a pest species usually results in the rapid replacement of the now less-effective compound by a chemical to which the insect lacks cross resistance.
MATERIALS AND METHODS (i) Strains
The strains used were a standard reference susceptible strain, SWT, having the genotype ++ with respect to the diazinon resistance locus R1 (Foster eta!., 1981) and a pure breeding resistant strain, RR, derived from flies collected in 1979 from Bairnsdale in south eastern Victoria (McKenzie et a!., 1980). The resistance phenotype of individuals from this strain is consistent with its being fixed for R1A (Arnold and Whitten, 1976; . In the field experiments, the resistant strain was derived from RR but was also homozygous for dieldrin resistance. Diazinon and dieldrin resistance are toxicologically (McKenzie and Whitten, 1982) and genetically (Foster eta!., 1981) independent in L. cuprina. The RR and SWT strains were crossed and F1 individuals used to establish a population cage (generation 0 of backcrossing). Virgin F1 females were also backcrossed to SWT males and the R + female progeny class was determined by the application of 05 pi of 001 per cent (v/v) diazinon. This dose does not discriminate with complete reliability between the ++ and R+ genotypes (see table 1 ). The fact that ca. 7 per cent of crosses contributing to the following generation of backcrosses was of the type in the backcross programme was consistent with this expectation so that the lack of a fully discriminatory dose to separate ++ and R + genotypes was not considered vital. The surviving virgin females of each generation were then backcrossed to SWT males with the procedure being repeated for nine generations of backcrossing. After three, six and nine generations of backcrossing, population cages were established using R + individuals.
The initial frequency of the + allele was therefore Ca. 05 in each case.
Re-introduction of RR background into RR genotype F1 females from the above RR x SWT cross were backcrossed to RR males. Virgin female progeny of this cross were individually mated to RR males. Individual eggs were isolated and the genotype of each female determined using 05 il of 0025 per cent (v/v) diazinon. A female killed by exposure to this dose of diazinon was classified as R +. Eggs from designated R + xRR matings were used to establish the next backcross generation. Clearly there exists the possibility that an RR female could die either due to this insecticide treatment or from some other cause and hence be misclassified as R + (ca. 10 per cent, see table 1). Her progeny would all be RR but would have received the appropriate RR background along with the "legitimate" R + xRR progeny which had been pooled together to provide adults for the following generation. The possible misclassification of an RR x RR cross as R +xRR cross constitutes no major difficulty for the overall experiment so long as R + progeny are adequately represented in any one generation. Since the 0025 per cent treatment killed approximately 50 per cent of individuals in each generation, the procedure adopted for incorporating the RR background was considered to be satisfactory.
Following three, six and nine generations of backcrossing, population cages were established with progeny from R +xRR crosses. At generation 0 of backcrossing a population was established with equal proportions of R + and RR flies. The expected initial frequency of the + allele was 0.25 in each case.
(b) Population cages Each population cage was started with 40 flies of each sex and flies were maintained under normal laboratory conditions (Whitten et al., 1975) in a discrete generation design. Samples of 40 males and females were randomly chosen at each generation to continue the population cage. A further random sample of 100 females per generation was tested with 0.5 .l of 0.01 per cent (v/v) diazinon to determine the proportion of ++ individuals in the population. Replicate cages were established for each backcross regime.
(c) Effect of larval density on competitiveness of genotypes Cultures of F2 eggs from the cross ++xRR were reared on liver at three density levels (400, 2000 and 4000 eggs per 700 g of sheep liver).
Each culture was supplemented with extra liver (350 g) after 48 and 72 hours of subsequent development. Samples of 100 adult males at each density were treated with discriminating doses of diazinon to determine genotypic frequencies. In the experiment, those individuals who died within 24 hrs following 05 l of 001 per cent diazinon were classified as ++.
The survivors were treated with 05 j.d of 0025 per cent diazinon and the survivors deemed to be RR, those dying being classified as R +. Two trials were conducted at each density level.
(iii) Field experiments Merino sheep that had not been treated with diazinon for at least 12 months were used in this experiment. Artificial implants, following the techniques of McKenzie and Whitten (1982) , using F2 eggs from a cross between ++ and the derived RR strain, were made on to sheep (implant 1, November 1979, two sheep; implant 2, December 1979, six sheep) and the genotypes of individuals reaching the adult stage ascertained as described above.
RESULTS (i) Laboratory experiments (a) Population cages
There are obvious differences in the proportion of ++ individuals in population cages. These differences may be related to the genetic background of the original population ( fig. 1) . A parsimonious description of the first ten generations of the data is given in the figure. The analysis was performed using the program GLIM3 (Baker and Nelder, 1978) , which performs iterative weighted least squares calculations on the logistic transformed proportions.
In the first generation, all cultures from the backcrossing to ++ had ++ frequencies consistent with the theoretical F2 frequency of 025 (x = 276, p >0.5). However, at the second generation, the ++ frequency was 035, significantly higher than 025 (x = 266, p <0.001), and this frequency was homogeneous for all backcross regimes (x = 72, p >0.05). For nought and three generations of backcrossing, the ++ frequency remained at this level, showing only sampling variability (linear x = 24, p >005). However, for six and nine generations of backcrossing the ++ frequency increased with time (linear x = 727, p <0.001), with the latter showing the greater rate of increase. There was only weak evidence that the rate of increase was not constant (quadratic x = 89, 0.01 <p <0.05). For each degree of backcrossing, the replicates were homogeneous (x = 9.3, p>O.05).
For nought, three and six generations of backcrossing to RR, the ++ frequency was independent of time (linear x = 11, p >0. Extensive testing of the nine generations of backcrossing after ten generations in the population cages showed heterozygotes to be present. The frequency of the + allele was 006.
(b) Effect of larval density Larval density did not significantly influence the survival of genotypes (table 2). Only chance departure from the expected ratios was observed at each density and genotypes had similar developmental proportions across densities. The data are consistent with the assumption that genotypes have equal viability from the egg to the adult stage of the life cycle.
(ii) Field experiments The above mentioned equality of viability in the absence of insecticide is supported by the field experiment. On sheep not treated with diazinon, egg to adult viability is independent of genotype (table 3) . This has proved to be a general result in more extensive trials with artificial myiases (McKenzie and Whitten, 1982) . 
Discussio
The time taken for resistance to develop subsequent to the introduction of diazinon (1958) (1959) (1960) (1961) (1962) (1963) (1964) (1965) (1966) (1967) , coupled with the fact that Whitten and Arnold (unpublished) found in 1969 that the RR genotype was strongly selected against in the absence of diazinon in laboratory cage experiments, supports the view that R-bearing individuals were initially at a selectively disadvantage in the field in the absence of the insecticide. The present results for both laboratory and field experimentation indicate similar egg to adult viability values for ++, +R and RR genotypes (tables 2 and 3). It is at this stage of the life cycle that selection, with respect to resistance is most likely to act (Whitten et a!., 1980). However, in population cage studies, which are dependent on all stages of the life cycle, populations derived directly from a cross between a susceptible laboratory strain (++) and a resistant field strain (RR) also showed the genotypes to have similar fitness ( fig. 1) . Furthermore, if the R allele is placed progressively into a + background the population cage results are more in accord with those of Whitten and Arnold (bc. cit.) . This backcrossing procedure would disrupt any co-adapted field genome.
In its simplest form, this co-adapted genome may involve a single linked modifier but it could also involve a complex of modifiers distributed throughout the genome. One way of distinguishing between these hypotheses is to carry out a reciprocal backcrossing regime (e.g., ++ female x R + male) to that already used to negate the possibility of recombination between any linked modifier and the resistance locus, as crossing over does not normally occur in males of L. cuprina (Foster et al., 1981) .
In population cages established following such a backcrossing regime similar results to those of the present experiment would be expected for the "whole genome" model. Taken in conjunction with the other data it seems reasonable to conclude that individuals carrying R alleles are not at the disadvantage in a nondiazinon environment that they were a decade ago. A resistance allele often produces marked physiological and biochemical disruption when it first arises, placing carriers at a selective disadvantage in environments free of insecticide (Brown and Pal, 1971) . The initial deleterious effects on the occurrence of a resistance allele are not necessarily reflected in all stages of the life cycle (Pimental et a!., 1951; Underhill and Merrell, 1966) . Subsequent selection will favour modifications that minimize the deleterious effect of a new mutation, as is attested by the slow reversion rates of resistance in the absence of insecticides in some insect strains (Abedi and Brown, 1960; Forgash and Hansens, 1967) .
In the present study it is likely that modification of the genetic background in the field genome has decreased the deleterious effects associated with the R allele, resulting in the observed change in relative fitness. Rapid modification of the fitness of different strains involved in competitive interaction has been reported previously (Seaton and Antonovics, 1967; Ayala, 1969; Bryant and Turner, 1972; White, 1978; Hartl and Jungen, 1979) . Inter-and intra-specific larval competition is likely in natural populations of L. cuprina (Foster et a!., 1975) .
Clearly, there will be instances where such modifications of the background do not occur, presumably because genetic variability is unavailable or the intensity or the duration of selection has been restricted. For example, in the case of dieldrin resistance in L. cuprina the latter is most likely because of the limited period of usage of that insecticide (Shanahan and Hughes, 1979) . However, if models of the evolution of insecticide resistance are to be realistic, information of temporal changes in the relative fitness of genotypes is essential (McKenzie and Whitten, 1982) . Keiding (1967) has argued that the longer there is selection for resistance, the greater will be the fitness of resistance genotypes. The present data support this contention; the consequence being of particular relevance to both fundamental and applied aspects of the evolution of insecticide resistance and, more generally, to questions of gene frequency and genome structure changes under different selection regimes.
